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NOTICES

When Government drawings, specifications, or other data are usgd
for any purpose other than in connection with a definitely related Gov-
ernment procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever, and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

The Government has the right to reproduce, use, and distribute this
report for governmental purposes in accordance with the contract under
which the report was produced. To protect the proprietary interests of
the contractor and to avoid jeopardy of its obligations to the Government,
the report may not be released for non-governmental use such as might
constitute general publication without the express prior consent of The
Ohio State University Research Foundation.

Qualified requesters may obtain copies of this report from the ASTIA
Document Service Center, Arlington Hall Station, Arlington 12, Virginia,
Department of Defense contractors must be established for ASTIA serv-
ices, or have their ''need-to-know' certified by the cognizant military
agency of their project or contract.
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. outlined in previous proposals and progress reports.
' the introduction of more sophisticated techniques in lunar mapping radars

SEMI ANNUAL REPORT

A, INTRODUCTION

During the past year and a half, the Antenna Laboratory, under
two National Aeronautics and Space Administration grants, has been
engaged in a fundamental study of the relations between the scattering
processes of moon-like surfaces and their surface structure. The
significance of such a study for lunar and planetary researcn has been .
12 More recently,

(e.g., high resolution doppler mapping, and frequency modulation methods
of short-pulse synthesis’ ) have re-emphasized the need for basic data

on surface scattering, in order to interpret such experiments. Indeed,
the use of the term "ambiguity diagram' to describe the performance of
these new radars against even the simplest point targets gives a strong
indication of difficulty in learning about surface structure from the
analysis of scattered signals. The problem may be still further com-
plicated in the near future if a suggested experiment were to be carried
out® to make bistatic measurements of the lunar scatterlng using the
approach radar of the next ""Ranger'' series.

B. PROGRAM REVIEW

To provide the fundamental data needed to interpret or design
planetary radar experiments, we have been engaged in a number of
theoretical and experimental studies which are briefly reviewed below.
More detailed information may be found in progress reports of the
project.l’

1. Back-scattering Measurements
from Moon-like Surfaces

A large number of measurements of the back-scattering from a
variety of rubble like surfaces have been carried out for a wide range
of incidence angles and polarization states. These measurements have
provided a ba31s for the interpretation of the diffuse component of the
lunar scatterlng *# in terms of a surface roughness, and a surface
dielectric constant.

1388-~10 1




Durirg the last few months a facility for making bistatic scattering
measurements of rubble-like surfaces has been completed, and a measure-
ment program has begun.

2. Theoretical Studies

Theoretical studies have been aimed at an interpretation of the lunar
scattering diagram, and have included: analysis of the specular part of
the lunar scattering in terms of a physical optics model, * which predicted
a non-gaussian second probability distribution and gave an estimate of
the rms slope of the intermediate scale features of the lunar surface;
fundamental studies in radar photometry, including the solution of the
doppler mapping problem in closed form;5 studies of the polarization
transforming properties of rough surfaces, with application to the inter-
pretation of lunar radar experiments using linear polarization.

3. Lunar Radar Experiment

Preliminary studies have been made of a proposed CW lunar radar
experiment to be performed using The Ohio State University ""Saucer
Field" receiving system.

It was originally planned to use The Ohio State University ""Saucer
Field" array as a receiver, and take advantage of several transmitters
operated by other organizations for lunar illuminations. However, this
has not been a satisfactory approach so we recently acquired a 10 KW
transmitter, and an antenna mount. We are now installing this system
at Ohio University in Athens, Ohio in order to give us a complete radar
system, thus permitting control of frequency, polarization modulation,
etc. We expect this radar to be in operation during the last few weeks
of the grant. In the meantime system design studies have been carried
out, particularly with respect to doppler mapping with a CW transmitter.-

C. PROPOSED WORK PROGRAM FOR THE
REMAINDER OF THE PRESENT CONTRACT

For the remainder of the present contract period, it is expected
that our major effort will be directed towards measuring a number of
rubble and other rough surfaces, using the bistatic measurement facility.
Particular attention will be given to obtaining data for several polari-
zations, and over a wide range of surface-roughness to wavelength
ratios. It is expected that this data will be of importance not only for
the interpretation of bistatic radar experiments, but also in estimating
the emissivity of the moon, and thus in interpreting the many measure-
ments of the apparent temperature of the lunar surface.

388-10 2




It is also hoped to measure some artifically constructed surfaces
(including some cusped and some tuff-like surfaces) to check physical
optics and semi-empirical scattering laws (e.g., the Lommel-Seeliger
law) at bistatic angles.

In addition to this major measurement program, the program of
theoretical studies will be continued. In the next six month period,
attention will be concentrated on further system studies of the doppler
mapping technique, particularly with reference to the experiment with
The Ohio State University '"'Saucer Field" array. The consequences of
the coherence properties of the surface on system design, and on the
interpretation of the experimental data, will be studied. These system
studies will be carried out parallel to the development of the radar
facility itself. However, because the progress of the instrumentation
program at the receiver array is not directly controlled under this
grant, it is difficult to predict a precise time table for this aspect of
our proposed work.

D. PROPOSAL FOR COMING YEAR (November 1963-October 1964)
For the next year, in order to continue the program of studies on
the radiating properties of moon-like surfaces, the following course of

work is proposed.

1. Bistatic Surface Measurements

Although the bistatic radar facility is now complete, it is not
expected that sufficient data can be taken with it by the end of the
present contract. Thus it is planned to continue the measurements
with this facility. As experience is gained, it may be desirable to
make some changes to obtain a wider range of aspect angles (this is
particularly likely for angles near grazing) or a further number of
polarization states.

Among the experiments that would be of interest are a detailed
comparison between theory and experiment on surfaces that correspond
to theoretical models, particularly models that should lead to the
""classical" scattering laws (Lommel-Seeliger, etc.), which have often
been used but never verified in the microwave region. Attention will
also be givento polarization transformations, the relation between the
"optical'' scattering level and the surface dielectric constant for rough
surfaces, and the relation between surface scattering and thermal
emissivity.

1388-10 3




2. Theoretical Studies

Theoretical studies should be continued in two directions. In the
first place, the interpretation of the bistatic measurements described
above will require analysis of the scattering from the particular surfaces
used. The large amount of data that can be gathered under such a
program can not be fully exploited unless it is organized or reduced, and
the parameters (roughness, dielectric constant, etc.), which control
the scattering are identified.

For this reason, it is proposed to undertake a study of the char-
acteristics of non-uniform surfaces which can affect the scattering
process, with the aim of providing some useful taxonomic system which
can associate scattering behavior with some quantitative description of
the surface.

In the other direction, it is hoped to continue the general study of
radar photometry, with special attention directed to the analysis of the
more sophisticated radars now coming into use. In particular, the
effects of extended rough surfaces with given coherence properties on
the radar ambiguity diagram should be worked out, and the implications
for radar mapping determined.

3. Lunar Radar Experiment

The measurement of the scattering properties of the moon using
doppler techniques, with The Ohio State University Saucer Field and
10 KW transmitter, should be continued. This would permit a check of
the pure doppler method against the known pulse methods for determining
planetary scattering diagrams. At the same time, theoretical studies
aimed at more complex, quasi-CW techniques should be continued.

4. If certain suggested® bistatic measurements of the lunar scat-
tering are carried out (using the Ranger approach radar and ground based
receivers of the Lincoln Laboratory or Jet Propulsion Laboratory) or
if direct backscattering data should be telemetered from any of the
Ranger series it is suggested that some effort from the above items
(1, 2, 3) be made available for analysis of the Ranger data,
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